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Summary
Objectives: To evaluate a radiographic atlas for grading foot osteoarthritis (OA) in relation to the relative sensitivity of different radiographic
and views and features, and to examine the relationship between radiographic OA and foot symptoms.
Methods: Weightbearing dorso-plantar (DP) and lateral foot radiographs were obtained from 197 people (126 women and 71 men) aged
62e94 years (mean age 75.9, standard deviation [SD] 6.6). The prevalence of OA in ﬁve joints (the ﬁrst metatarsophalangeal joint [1st
MPJ], the ﬁrst cuneo-metatarsal joint [1st CMJ], the second cuneo-metatarsal joint [2nd CMJ], the navicular-ﬁrst cuneiform joint [N1st CJ]
and the talo-navicular joint [TNJ]) was then determined using both views in combination (as recommended in the atlas), or by using either
view in isolation. Associations between radiographic OA in individual foot joints and symptoms were then explored.
Results: Joint-speciﬁc prevalence of OA using both DP and lateral views was 1st MPJ (42.4%), 1st CMJ (22.6%), 2nd CMJ (60.2%), N1st CJ
(39.1%) and TNJ (32.7%). Using only the DP view detected almost all cases of 1st MPJ OA (94.6%), however, the sensitivity was lower for the
other joints (31.0e60.7%). Using only the lateral view detected almost all cases of OA (83.8 to 86.9%), with the exception of the 1st MPJ and
1st CMJ (50.9% and 60.7%, respectively). Using either osteophytes (OP) alone or joint space narrowing (JSN) alone showed low sensitivity for
all joints (14.3e63.0%), with the exception of OP alone in the DP view for the 1st MPJ and JSN in the lateral view for the 2nd CMJ (83.8% and
84.0%, respectively). Radiographic OA in individual foot joints and the total number of joints affected were both moderately associated with
foot symptoms.
Conclusion: Epidemiological and clinical studies should incorporate observation of both OP and JSN from both DP and lateral views to de-
termine the presence of OA in the foot, as the number of cases detected is reduced if only one radiographic feature or view is used. Radio-
graphic foot OA is common in older people and is moderately associated with foot symptoms.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Epidemiological studies indicate that 20e30% of people
aged over 65 years report foot pain1e5, and approximately
10% attribute foot pain to osteoarthritis (OA) or joint impair-
ment2,6,7. However, few studies have assessed foot OA us-
ing clearly deﬁned radiographic criteria8. The Zoetermeer
study9 of 6585 people conducted in the Netherlands re-
ported a 28% prevalence of OA in the ﬁrst metatarsophalan-
geal joint (1st MPJ), an 8% prevalence of OA in the lesser
MPJs, and a 7% prevalence of OA in the proximal interpha-
langeal joints in those aged over 40 years, using a Kellgren
and Lawrence score of 2 or above as the case deﬁnition.
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298case deﬁnition and reported a 20% prevalence of 1st MPJ
OA in 3436 people aged between 40 and 94 years. Al-
though these studies have provided useful information re-
garding the prevalence of foot OA, the Kellgren and
Lawrence scale has been criticized for placing too much
emphasis on the presence of osteophytes (OP) to classify
a joint as osteoarthritic11. Furthermore, both the Zoetermeer
and Clearwater studies focused on a limited number of foot
joints, and based their deﬁnition of OA on dorso-plantar
(DP) X-rays only.
In response to these limitations, we recently developed
a radiographic classiﬁcation system for OA affecting ﬁve
commonly affected joints of the foot, based on a standard
atlas of characteristic features12. The atlas has two key
components. Firstly, it incorporates observations of both
OP and joint space narrowing (JSN). Secondly, it uses
two radiographic views e DP and lateral. The atlas has
been shown to have high levels of agreement within
examiners and moderate levels of agreement between
examiners12. In designing the atlas, we considered it nec-
essary to incorporate two radiographic views, based on
Table I
Participant characteristics. Figures are n (%) unless otherwise
noted. Presence of medical conditions was determined by
self-report
Age: years,
mean (SD)
75.9 (6.6)
Female 126 (64.0)
Obese (BMI 30 kg/m2) 56 (28.4)
OA 140 (71.1)
Hands/wrists 81 (41.1)
Hip 39 (19.8)
Knee 79 (40.1)
Feet 41 (20.8)
Cardiac disease 40 (20.3)
Diabetes mellitus 31 (15.7)
Cerebrovascular accident 8 (4.1)
Hypertension 117 (59.4)
Cancer 30 (15.2)
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more easily visualized in one view compared to the other.
Furthermore, previous studies of the knee suggest that
OP are more sensitive than JSN for detecting OA13. How-
ever, the sensitivity of using only one radiographic view
or only one radiographic feature in isolation is unknown
for joints within the foot. If the use of a single view (either
DP or lateral) and/or a single radiographic feature (either
OP or JSN) provides similar sensitivity to a combination
of two views and both radiographic features, radiation ex-
posure of research participants, the cost, and/or the time
to undertake studies of foot OA could be reduced.
An additional issue that needs to be considered in rela-
tion to the use of OA atlases is the degree of association
between radiographic changes and symptoms. Previous
studies of knee joint OA have reported equivocal ﬁnd-
ings14,15, possibly due to variation in the choice of radio-
graphic views15. While earlier studies were limited to
observations of tibio-femoral OA from an antero-posterior
radiograph, it is now recognized that the addition of pa-
tello-femoral joint observations (using skyline or lateral
views) signiﬁcantly increases the detection of knee OA,
and strengthens the association between radiographic
changes and symptoms16,17. To our knowledge, no stud-
ies have examined the relationship between radiographic
changes and symptoms in the foot. However, it is likely
that detection of foot OA will similarly be affected by the
selection of radiographic view, and that the choice of
view will inﬂuence the association between radiographic
changes and foot symptoms.
Therefore, the objectives of this study were (1) to evalu-
ate our recently developed radiographic atlas for grading
foot OA in relation to the relative sensitivity of using a DP
view only, a lateral view only, or a combination of both
views, (2) to determine the relative sensitivity of using OP
alone, JSN alone, or a combination of both radiographic
features, and (3) to explore the relationship between radio-
graphic foot OA and foot symptoms.MethodsPARTICIPANTSThe sample comprised 197 people (71 men and 126 women) aged be-
tween 62 and 94 years (mean 75.9, SD 6.6) who were taking part in
a larger study of the effect of OA on balance and falls. Participants
were recruited from two sources: a retirement village (n¼ 87) and a univer-
sity health sciences clinic (n¼ 110). The exclusion criteria for this analysis
were a history of rheumatoid arthritis or foot surgery, inability to walk
household distances without the use of a walking aid, or a score of less
than 7 on the Short Portable Mental Status Questionnaire18. Major medi-
cal conditions and foot symptoms (including both ‘‘foot arthritis’’ and ‘‘foot
pain’’) were determined through a structured interview. Body mass index
(BMI) was documented as weight (in kg)/height (in m)2, and obesity was
deﬁned as a BMI 30 kg/m2. Characteristics of the participants are shown
in Table I. The Human Ethics Committee at La Trobe University and the
Radiation Advisory Committee of the Victorian Department of Human Ser-
vices approved the study, and written informed consent was obtained from
all participants.RADIOGRAPHIC PROCEDUREWeightbearing DP and lateral radiographic views were obtained from
both feet with the participant standing in a relaxed bipedal stance position.
All X-rays were taken by the same medical imaging department using a Shi-
madzu UD150LRII 50 kW/30 kHz Generator and 0.6/1.2 P18DE-80S high
speed X-ray tube from a ceiling suspended tube mount. AGFA MD40 CR
digital phosphor plates in a 24 cm 30 cm cassette were used. For DP pro-
jections, the X-ray tube was angled 15 cephalad and centered at the base
of the third metatarsal. For lateral projections, the tube was angled 90 and
centered at the base of the third metatarsal. The ﬁlm focus distance was set
at 100 cm.APPLICATION OF THE RADIOGRAPHIC ATLASThe La Trobe radiographic atlas of foot OA12 was used to determine the
presence of radiographic OA in ﬁve joints (1st MPJ, the ﬁrst cuneo-metatar-
sal joint [1st CMJ], the second cuneo-metatarsal joint [2nd CMJ], the navic-
ular-ﬁrst cuneiform joint [N1st CJ] and the talo-navicular joint [TNJ]). For
each joint, the presence of OP was graded as absent (score¼ 0), small
(score¼ 1), moderate (score¼ 2) or severe (score¼ 3), and presence of
JSN was graded as none (score¼ 0), deﬁnite (score¼ 1), severe
(score¼ 2), or joint fusion at at least one point (score¼ 3). With the excep-
tion of the TNJ, both DP and lateral views were used to assess OP and
JSN. For the grading of TNJ OP, only the lateral view was used, as OP
most commonly develop on the dorsal aspect of this joint, which is difﬁcult
to visualize from a DP view. The case deﬁnition proposed in the original atlas
publication12 considers OA to be present if a score of 2 or above is docu-
mented for either OP or JSN, from either the DP or lateral view. For the cur-
rent study, the original case deﬁnition was used as the ‘‘gold standard’’, and
comparisons were made to case deﬁnitions involving (1) each radiographic
view (DP or lateral) used in isolation, and (2) each radiographic feature
(OP or JSN) used in isolation. A podiatrist with experience using the atlas
(HBM) assessed all X-rays. An example of the atlas images for JSN of the
1st MPJ from the DP view is shown in Fig. 1.STATISTICAL ANALYSISTo evaluate the effect of radiographic view and radiographic feature on
foot OA prevalence, data from right and left feet were pooled (n¼ 394), as
foot OA is frequently unilateral. However, associations between foot OA at
individual joints and symptoms were conducted on the right foot only, to
avoid problems associated with analysis of paired data19. Simple frequen-
cies and descriptive statistics were calculated to determine OA prevalence.
The sensitivity of using each view or feature in isolation was calculated rel-
ative to the ‘‘gold standard’’ (i.e., both views and features). However, be-
cause there are no false positives associated with this approach,
speciﬁcity could not be determined. Associations between foot OA and
symptoms were determined using odds ratios and binary logistic regression,
adjusting for appropriate confounders (age, sex and BMI). To determine the
relationship between foot symptoms and the total number of joints affected
by OA, the number of joints was divided into tertiles, and the proportions
of participants reporting foot symptoms within each tertile were compared.
Statistical tests were conducted using SPSS Release 14 for Windows
(SPSS Inc, Chicago, IL) and level of signiﬁcance was set at P< 0.05.ResultsPREVALENCE AND CORRELATES OF RADIOGRAPHIC OAOf the 197 participants, 184 (93%) had radiographic evi-
dence of radiographic OA in at least one joint. The median
number of joints affected for both feet combined was 4
(range: 0e10). The prevalence of OA for individual joints
was as follows: 1st MPJ (42.4%), 1st CMJ (22.6%), 2nd
CMJ (60.2%), N1st CJ (39.1%) and TNJ (32.7%). Women
had a higher median number of joints affected than men
Fig. 1. Example atlas images for JSN of the 1st MPJ from the DP view.
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equal proportions of unilateral and bilateral cases for all
joints, with the exception of the 2nd CMJ, which exhibited
a greater proportion of bilateral cases (69%).INFLUENCE OF RADIOGRAPHIC VIEWS ON OA PREVALENCEThe prevalence of OA in individual joints using a combina-
tion of DP and lateral views (the ‘‘gold standard’’) compared
to the use of one view in isolation is shown in Table II. Using
only the DP view detected almost all cases of OA in the 1st
MPJ (94.6%). However, the sensitivity was somewhat lower
for the other joints (between 31.0% and 60.7% of cases). Us-
ing only the lateral view detected almost all cases of OA in all
joints (between 83.8% and 87.6%), with the exception of the
1st MPJ and 1st CMJ (50.9% and 60.7%, respectively).INFLUENCE OF RADIOGRAPHIC FEATURES ON OA
PREVALENCETheprevalenceofOA in individual joints usinga combination
of radiographic features (OP and JSN in the ‘‘gold standard’’)
compared to the use of one radiographic feature (in a singleTable II
Number (%) of cases of radiographic OA detected according to the
radiographic view(s) used
Joint Both DP and
lateral views*
DP view onlyy Lateral view onlyy
1st MPJ 167 (42.4) 158 (94.6) 85 (50.9)
1st CMJ 89 (22.6) 54 (60.7) 54 (60.7)
N1st CJ 154 (39.1) 53 (34.4) 129 (83.8)
TNJ 129 (32.7) 40 (31.0) 113 (87.6)
2nd CMJ 237 (60.2) 84 (35.4) 206 (86.9)
*Values in parentheses represent the proportion (%) of cases
relative to the overall sample (n¼ 394).
yValues in parentheses represent the proportion (%) of cases
detected relative to the use of both views (i.e., sensitivity).view or in either view) is shown in Table III. Using only one ra-
diographic feature in one view demonstrated poor sensitivity
to detect OA in all joints (sensitivity ranging from 14.3% to
63.0%). The exception was the use of OP in the DP view in
the 1st MPJ and JSN in the lateral view in the 2nd CMJ, which
detected 83.8%and 84.0%of cases ofOA, respectively.When
one radiographic feature in either view was used to detect OA,
the sensitivity did improve for all joints. However, this improve-
mentwasnot largeenough tocauseanymajoralteration insen-
sitivity relative to using one radiographic feature in one view.RELATIONSHIP BETWEEN RADIOGRAPHIC OA AND
SYMPTOMSOf the 197 participants, 41 (21%) reported ‘‘foot arthritis’’
and 73 (37%) reported ‘‘foot pain’’. Associations between
self-reported foot arthritis, foot pain and radiographic foot
OA are shown in Table IV. Participants who reported foot ar-
thritis were more likely to have radiographic OA in the 1st
MPJ and N1st CJ, and those who reported foot pain were
more likely to have radiographic OA in the N1st CJ and the
2nd CMJ. The association between radiographic foot OA
and symptoms did not greatly alter when OAwas deﬁned us-
ing either the DP or lateral view in isolation, compared to the
use of both views. However, for both the 1st MPJ and 1st
CMJ, stronger associations with reported foot arthritis were
found when only the lateral view was used.
Participants who reported foot arthritis had a higher me-
dian number of joints affected (5 vs 4; Z¼3.3,
P¼ 0.001), as did those who reported foot pain (4 vs 3;
Z¼2.1, P¼ 0.040). The likelihood of reporting foot arthri-
tis or foot pain increased according to the number of joints
affected (see Fig. 2), however, this association was not sig-
niﬁcant after adjusting for sex and obesity.Discussion
Despite the very high prevalence of foot pain in older
people1e5, the prevalence and clinical signiﬁcance of foot
Table III
Number (%) of cases of radiographic OA detected according to the radiographic feature/s used
Joint Both DP and
lateral views*
DP view onlyy Lateral view onlyy Either DP or lateral viewy
OP alone JSN alone OP alone JSN alone OP alone JSN alone
1st MPJ 167 (42.4) 140 (83.8) 90 (53.9) 77 (46.1) 50 (29.9) 152 (91.0) 95 (56.9)
1st CMJ 89 (22.6) 17 (19.1) 51 (57.3) 45 (50.6) 30 (33.7) 53 (59.6) 65 (73.0)
N1st CJ 154 (39.1) 22 (14.3) 44 (28.6) 97 (63.0) 62 (40.3) 107 (69.5) 86 (55.8)
TNJ 129 (32.7) NAz 40 (31.0) 68 (52.7) 57 (44.2) 68 (52.7) 75 (58.1)
2nd CMJ 237 (60.2) 56 (23.6) 45 (19.0) 80 (33.8) 199 (84.0) 116 (48.9) 209 (88.2)
*Values in parentheses represent the proportion (%) of cases relative to the overall sample (n¼ 394).
yValues in parentheses represent the proportion (%) of cases detected relative to the use of both views (i.e., sensitivity).
zNA: not applicable, as the atlas for the TNJ does not include an OP image from the DP view.
Table IV
Associations between self-reported symptoms and radiographic
foot OA depending on radiographic view(s) used. Odds ratios and
95% confidence intervals shown, adjusted for sex and obesity
Joint View Foot arthritis Foot pain
1st MPJ Both 2.3 (1.1e4.9)* 1.2 (0.7e2.2)
DP 2.3 (1.1e4.7)* 1.4 (0.8e2.6)
Lateral 3.4 (1.5e7.6)** 0.9 (0.5e1.8)
1st CMJ Both 1.7 (0.8e3.9) 1.1 (0.5e2.2)
DP 0.5 (0.2e1.6) 1.2 (0.5e2.8)
Lateral 3.4 (1.3e9.0)* 1.1 (0.5e2.6)
N1st CJ Both 2.0 (1.0e4.2)* 2.4 (1.3e4.3)**
DP 2.7 (1.0e7.1)* 2.8 (1.1e6.7)*
Lateral 2.2 (1.0e4.6)* 1.7 (0.9e3.2)
TNJ Both 1.3 (0.6e2.7) 0.8 (0.4e1.6)
DP 0.5 (0.1e2.0) 0.4 (0.1e1.3)
Lateral 1.6 (0.8e3.4) 0.9 (0.5e1.7)
2nd CMJ Both 1.7 (0.8e3.7) 2.2 (1.2e4.3)*
DP 1.1 (0.5e2.6) 1.6 (0.8e3.2)
Lateral 1.5 (0.7e3.1) 1.8 (1.0e3.3)
*P< 0.05, **P< 0.01.
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sistency in the literature with regard to how OA in foot joints
should be evaluated and documented. The ﬁrst objective of
this study was to evaluate our recently developed radio-
graphic atlas for grading foot OA12 in relation to the relative
sensitivity of using a DP view only, a lateral view only, or
a combination of both views. The second objective was to
determine the relative sensitivity of using OP alone, JSN
alone, or a combination of both radiographic features. The
ﬁnal objective was to determine the relationship between ra-
diographic OA and subjective reports of ‘‘foot pain’’ and
‘‘foot arthritis’’. In addressing these issues, we hoped to as-
certain the most efﬁcient and optimal method of applying
the atlas for future clinical and epidemiological studies.
The prevalence of radiographic foot OA in our elderly
sample was very high, with 93% of participants exhibiting
radiographic changes in at least one foot joint. Joint-speciﬁc
prevalence rates ranged between 23% and 60%. Compar-
ing these results to previous studies is of limited value,
due to differences in case deﬁnitions, the variable inclusion
of individual joints, and inadequate reporting of age-speciﬁc
prevalence rates9,10. However, it would appear that select-
ing a single joint (such as the 1st MPJ) to deﬁne foot OA is
somewhat limited, as the prevalence was also high in other
joints, and multiple joint involvement was common. Never-
theless, it is acknowledged that the prevalence of radio-
graphic foot OA reported here is likely to be an
overestimate of the true prevalence of the condition in the
general community, as the sample was quite old (mean
age 75.9 years), and just over half of the participants
(56%) were attending a university health sciences clinic
for ongoing management of foot problems.
Consistent with previous studies of the knee16,17, we
found that the prevalence of OA varied depending on the
number of radiographic views used. As such, the ‘‘gold
standard’’ described in the original atlas (i.e., using both
DP and lateral views) should be applied where possible. If
only a DP view is available, reasonably accurate estimates
of OA in the 1st MPJ can be obtained (94.6%), however, the
sensitivity is substantially lower for the other joints (between
31.0% and 60.7% of cases). If only a lateral view is avail-
able, reasonably accurate estimates of OA can be obtained
from most joints (between 83.8% and 87.6%), with the no-
table exception of the 1st MPJ and 1st CMJ (50.9% and
60.7%, respectively). Given that multiple joint involvement
of OA in the foot appears to be common and that some
joints are more easily visualized in one view compared to
the other, the selection of a single radiographic view may
fail to detect clinically important radiographic changes.
OP and JSN are two characteristic features of radio-
graphic OA. Our results showed that using eitherradiographic feature alone did not produce a level of sensi-
tivity that was equivalent to when both features were in-
cluded in the assessment for any joint within the foot.
These results suggest that both OPand JSN are important
radiographic features that should each be included in the
assessment of each joint when evaluating radiographic
foot OA.
Radiographic foot OA in individual joints was moderately
associated with reports of ‘‘foot arthritis’’ and ‘‘foot pain’’ af-
ter adjusting for sex and obesity, which is consistent with
previous studies of OA in the knees16,17 and hands20e22.
The joint with the strongest association with reported foot
arthritis was the 1st MPJ, whereas the joint with the stron-
gest association with reported foot pain was the N1st CJ.
It is difﬁcult to ascertain the clinical signiﬁcance of these as-
sociations, as we did not request participants to report the
precise location of their symptoms. However, it is possible
that participants with 1st MPJ OA were more likely to con-
sider that they had foot arthritis, as this joint has a relatively
large range of motion and plays an important role in en-
abling the smooth transfer of the body over the foot when
walking. As such, any limitation to the function of this joint
could be perceived as the joint being ‘‘stiff and arthritic’’.
In contrast, radiographic changes in more proximal joints
with smaller ranges of motion (such as the N1st CJ and
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Fig. 2. Relationship between self-reported foot arthritis and foot
pain, and number of joints affected by radiographic OA.
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were associated with foot pain.
The association between symptoms and radiographic
changes did not greatly alter depending on which radio-
graphic views were used. Generally, the associations fol-
lowed a similar pattern, however, for both the 1st MPJ
and 1st CMJ, stronger associations with reported foot arthri-
tis were found when only the lateral view was used. Be-
cause both these joints are part of the ﬁrst ray functional
segment of the foot, which primarily produces sagittal plane
motion, it is possible that degenerative joint changes visible
from the lateral view (particularly dorsal OP) contribute
more to perceptions of joint stiffness than changes visible
from the DP view. As such, the inclusion of participants
with OA evident from the DP view only may have had the
effect of attenuating the association between radiographic
changes and symptoms in these joints.
Consistent with previous studies of radiographic hand
OA20e22, multiple joint involvement was very common, and
there was some evidence of a positive association between
the number of joints affected and presence of symptoms.
Participants who reported foot arthritis or foot pain had, on
average, a greater number of joints with radiographic evi-
dence of OA. However, although a doseeresponse trend
was observed for the number of joints affected and the likeli-
hood of reporting foot symptoms (see Fig. 2), this associa-
tion was not statistically signiﬁcant after adjusting for sex
and obesity.
The ﬁndings of this study need to be interpreted in the
context of three main limitations. Firstly, our atlas is limited
to images obtained from DP and lateral radiographs, which
are the most commonly requested projections in clinical
practice and research studies. Although this is an improve-
ment on previous approaches, we acknowledge that
visualization of other joints of the foot, such as the ﬁrst
metatarsal-sesamoid articulations and the subtalar joint,
would require additional radiographic views to be obtained,
and that the clarity of midfoot joints is inﬂuenced by varia-
tions in arch height. Secondly, the sample we recruited can-
not be considered representative of the general community
with foot OA, as they were quite old (mean age 76 years),
were recruited from a university health sciences clinic or
a retirement village, and were involved in a larger study of
foot problems and falls. Therefore, it is likely that the prev-
alence of foot OA reported here is an overestimate. Finally,
although radiographs are the most economical, easily avail-
able and hence, commonly used form of imaging to assess
for OA23, we acknowledge that the radiographic ‘‘goldstandard’’ used in this study to diagnose OA is not a true
‘‘gold standard’’. Therefore, the true sensitivity, and indeed
speciﬁcity, of the parameters assessed in this study (radio-
graphic views and features) for the assessment of OA
within the foot remains unknown.
Further studies are now required to ascertain the preva-
lence of foot OA in the general community. On the basis
of our results, we suggest that future epidemiological stud-
ies should incorporate both DP and lateral views using both
OP and JSN to ensure optimum detection of foot OA in
each of the ﬁve major joints. However, existing epidemio-
logical datasets involving only DP views would seem to
be sufﬁcient for the analysis of the 1st MPJ, as based on
our ﬁndings, 94.6% of cases will be detected when this
view is used in isolation.Conﬂict of interest
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